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TECHNI CAL _ SUMVARY

In this report, the nethods presently used by United States
shipbuilders for preparing, nesting and narking plate parts
are discussed. The use of existing conputer technology is
explored as a neans for inproving these operations by con-
serving plate and reducing operating costs.
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PREFACE

Over the past 25 years, the shipbuilding industry has gone
fromfull scale faired hull design with manual part defini-
tion and preparation to the use of conputerized designs

and conputer assisted part preparation. pyring this period
of growth, the equipnent and the conputer systens adopted
have varied fromyard to yard to suit the needs at the tine
of purchase. |n addition, existing facilities and the his-
torical node of operation has varied fromyard to yard.
Therefore, the nethods for selecting plate sizes, for nest-
ing parts on the plate and the requirements for marking and
| abeling cut parts vary fromyard to yard.

In preparing this report, the above has been recognized. The
various factors that play a role in the final and success-

fully marked parts are discussed under the appropriate
headi ngs.

It is hoped that the information contained herein wll not
only be found interesting and infornative, but that it wll
also be helpful in lowering costs and inproving production.



[ NTRODUCTI ON

The nesting of parts cut fromrolled plate has for many
years been a subject of interest to the shipbuilder.
Initially, during the period of full scale lofting and the
manual devel opnent of shapes fromthe full scale loft,
nesting was done manually, often on the production floor by
laying out the parts on the plate. During this period,
many of the laid out parts were cut by shears or by snal
single torch hand gui ded machines. The next step in the
evolution of flame cutting led to the introduction of the
1/10 scale loft and the production of 1/10 scale tenplates.
Wth these tenplates it becanme possible to produce nested
1/10 scale tenplates where the individual parts were grouped
on a scaled shape of the plate to be used. Phot ogr aphi c
negatives of the nests were then prepared at a further re-
duced scale. These negatives were projected on plates fed
through a dark projection tower. Qperators narked the pro-
jected outline of the shapes on the plate. Using the manu-
ally marked path, the parts were cut by a manual |y guided,
power or hand operated torch. This required | arge burning
areas and nulti-man single torch burning operations, the
nunber depending on the ship production needs. Because of
the accunul ation of tolerance errors encountered, many parts
were cut oversize and trimmed to fit at assenbly.

Wth the advent of the shape cutting machine, it becane pos-
sible to produce cut plate parts and, in particular, the
smal ler parts using a full scale paper tenplate and one or
more cutting torches, depending on the quantities of parts
required.

Introduction of the electronic tracer in the 1940's nade it
possible to elimnate the hand guided cutting method and
quite accurately cut parts fromfull scale tenplates with an
automatical |y guided tenplate scanning device.



In the 1950's, it became possible to operate |arge coordi-
nate driven flame cutting machines from 1/10 or smaller
scaled tenplates. This was acconplished through the use of
pil ot machines equi pped with photoelectric tracing heads

that followed the |1/10th scaled tenplates or scal ed projec-
tions of the original photo negatives. Here again, through
t he manual arrangenent of parts on the scal ed plate shape,
it was possible to create a nest that inproved plate utili-
zation.

In the md 1950's, the nunerical control of nachine tools
became practical, first with positioning devices and then
with contour follow ng devices. Prograns for these devices
were originally prepared manually and the necessary punched
tape was prepared by a manual hol e punching device and |ater
by special typewiter nachines.

As the nunerical controls and machi ne hardware inproved,
manual progranm ng becane inpractical and industry identified
a growing need for the devel opment of conputer progranmm ng
and the associated hardware. Because of the initial cost of
N C controls and the associ ated hardware and the |ack of

sof tware, the application of NC to shipbuilding took hold
slowy. Initially, sone users of the equipnment, because of the
| ack of. conputer software for defining shapes, operated from
scaled drawi ngs. Tapes were prepared from these draw ngs
through the use of point to point digitizers. Even today,
some yards continue to use paper tenplates and digitizers for
some of their progranm ng needs.

Through the years, there has been steady-inprovenents nade

in the machine hardware, in the NNC controls and in the associa-
ted program software. This has led to the use of powerful

hi gh speed servo drives on the cutting machines. This, in turn,
has led to a speedup in production through the use of the
plasma cutting process and the accurate high speed plate nark-
ing at 200 to 300 | PM



During the past few years, devel opnents achieved through the
use of mni-conputers and nain frame conputers have further
enhanced the performance of-nmachines and associated equi pnent
to the point where sone advanced systens operate from DNC
(Direct Numerical Control) and the use of punched tape has
been conpletely elimnated.

These devel opments have created an environment requiring im
proved nesting and marking technology. This report has been
prepared to help identify the problems and to help pave the
way to both time and material savings through the use of
efficient, conputer-oriented nethods for nesting, marking and
coding of flane cut parts.



DI SCUSSI ON

CLASSI FI CATI ON OF PARTS CUT FROM STEEL PLATE:

The steel |ift for ordering plate is usually prepared by the
engi neering department. \Wen preparing this list, prelimnary
nests of the parts required are usually made. These parts
fall into three general classifications as follows:

Cass 1 - These are the large parts that nay be cut in
direct inage node or both direct and mrror image nodes.

On these parts some layout marking is usually required

for referencing themto other parts on the ship's hull.
In nmost shipyards today, these parts are cut and prepared
by large nunmerically controlled cutting machines.

Cass 2 - The low quantity snaller parts such as intercost-
als, web frame sections, equipnment nmounting brackets. etc.

Gass 3 - The high quantity small parts.such as brackets,
clips, collars and chocks that are used throughout the
construction of the hull.

These three categories can be divided into area groupings of
the total plate used with the follow ng approxi mate val ues:

Cass 1 - 172%
Cdass 2 - 24%
Cdass 3 - 4%

These three categories of parts will be further discussed in
the follow ng sections on the nesting, cutting and marking of
cut plate itens.



CUTTING WTH THE OXY- FLAME PROCESS.

When using a large NNC flame cutting nmachine and the oxy-
flame process, it would take 130 mnutes to cut the parts
shown in|Fig. 1l|giving a yield of 84% The total process
tinme would break down as foll ows:

Plate handling tine - 15 mns.
Pl ate marking - 10 m ns.
Cutting tinme - 130 mns.
Part and scrap removal - 15 mins.
Total tine 170 m ns.

When adding Gass 3 parts to the nest as shown in|Fig. 2,
the yield increases from 84%to 89% The cutting time woul d
increase from 130 mnutes to 250 minutes and the total proc-
ess time, including marking and handling, would becone 346
m nutes or about double the time required in the first case.
(See| Fig. 3).| Here the scrap saving, valued at approximately
$105. 00, when wei ghed against the reduced production of the
machine mght be questioned. See|Fig. 4 |for the dollar value
of the steel. This helps explain why the production of flane
cut parts in many shipyards today is as follows:
Cass 1 and nost Cass 2 parts are produced by the |arge
nunerically controlled nmachines, which not only produce
accurate parts, but which also do the plate |ayout narking

automatically. The Class 3 parts are produced in general
by any one of the five follow ng methods which include:

Fl ame strip and shear.

2. Flame cut by multi-torch machine with optical
tenpl ate scanner.

3. Flane cut by nulti-torch machine with nurerical -
control.

4.  Plasma cut by single touch nmachine with nuneri-
cal control.

5. Manual layout and. use of sjngle torch manually
gui ded machi nes.
Wth all but 3.and 4 above, these pnethods require a paper
templ ate, a wooden tenplate or a nmanual |ayout.
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PROCESS TI ME_FOR PRODUCI NG

PARTS SHOWW ON FIG 1 AND FIG 2.

Flame Cutting and Paint Stick Coding:

Fig. 1 Fig. 2
Qper ation tine - nins. tinme - reins.
Pl ate handling 15 15
Pl ate Marking 10 30
Cutting tinme 130 250
Part and scrap renoval 15 37
Total tine 170 m ns. 332 mns.
Plasma Cutting Wth Paint Stick Codinag:
Pl ate handling 15 15
Pl ate marking 10 30
Cutting tine 22 40
Part and scrap renoval 15 37
Total tine 62 122
Plasma Cutting Wth Label Coding:
Pl ate handling 15 15
Plate marking 10 16
Cutting time 22 40
Part and scrap renoval 15 37
Total tine 62 108

13.
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On|Fig. 5, |the results of a time study for producing brack-
ets by each of the above methods is listed. Usually. the
material used to produce these Cass 3 parts is the drop-offs
fromthe large NC machine or machines. In the study, the
material cost indicated is for new plate.

The advantages and the disadvantages experienced wth the use
of the oxy-flame cutting process are listed in |Appendix 1.

CUTTING WTH THE PLASVA PROCESS.

During the past several years, the advances nmade in the devel-
opnent of both hardware and software have nmade it possible to
very effectively produce steel ship parts with the plasma cut-
ting process. Se¢ Fig. 6 |for cutting speed conparisons

When using the plasma process for cutting the nests shown on

[Fig. 1 aphd|Fig. 2,|the time required is reduced considerably as
shown of Fig. 3.] Through the use of the plasma cutting process
and a good part nesting routine, significant savings can be
realized in producing a mix of Classes 1, 2 and 3 parts as

shown on |Fig. 7.
The advantages and di sadvantages experie ' use of
the plasma cutting process are listed in AppendiXx 7

NESTI NG CLASS 3 PARTS USI NG NUMERI CAL CONTROL.

At present, in many shipyards, nost Class 3 parts are cut
through the use of tenplates. To include these parts in an
N C nesting program woul d require nunerical control program

preparation and the elimnation of tenplate use. To effec-
tively use these prograns, the smaller flame cutting machines,

now equi pped with optical tenplate scanners nust be equi pped
with CNC controls. The CNC controls used should be capable of
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_METHOD Yl ELD

Flame strip* 95%
and shear.

Fl ame cut 65%
usi ng four

torches and
optical scanner.

Fl ame cut 85%
u5|n% four
torches and CNC.

Pl asma cut 85%
using one torch
and CNC

Manual |ayout, 90%
flame cut

using track

machi ne.

LABOR

$ 65.50

62.50

53.75

53. 25

543. 00

Codi ng by paint stick nethod included in above

Coding by DNC label - $ 3.78

line cutting only.

MATERI AL
— COST

oot
$ 551.00

806. 15

616. 47

616. 47

TOTAL
&1
$616. 50

868. 65

670. 22

669. 72

582.22 1, 125. 22

$ 14. 44
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AVERAGE LABOR AND MATERI AL _COSTS FOR PRODUCI NG
A TON OF FLAME CUT PARTS FROM 1/2" STEEL PLATE.

Labor Material - vield
Oxy-fl ame Pl asna 80% 85% 90%
Class 1 parts 72% $ 8.43 $ 3.79  $473.40 $445.55 $420. 80
Cass 2 parts 24% 4.90 1.82 157. 80 148. 52 140. 27
Cass 3 parts 4% 7. 60 3. 47 26. 3 24. 75 23. 38
Totals:  100% $20. 93 $9. 08 $657. 50 $618.82 $584. 45

NOTE : These figures are to be considered for conparison. only,
and may vary fromyard to yard. They are presented to
indicate the relative value of a good nesting system for
producing a high yield of parts per ton of steel purchased.

\ | !
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accepting the sane input prograns that are used on the l|arge
machines.  This input should be by punched tape or preferably
DNC (Direct Numerical Control) as shown on|(Fig. 8. | By so
doing, any of the parts not included in the mjor machine
nests, could be included in the nest assigned to a secondary
machine. In addition, the flexibility would allow the major
portion of the nest to be executed on the |large machine and
the remainder carried out on the smaller machine. An exanple
of this is shown on Figs. 8 and|?9.

THE USE OF STANDARD SI ZE PLATES VS. SPECI AL SI ZED PLATES.

Today, construction by unit is accepted practice in the build-
ing of ships in the United States. In the interest of controll-
ing inventory and yet providing the parts as they are needed,
the parts are cut only as they are required. This procedure
sonetimes places sone restraints on the nesting efficiency
possi bl e because of the |limted number of some parts needed.
Sone yards, when preparing the steel |ift requirenents, follow
a PrelimnarY nesting procedure from which the plate sizes

to order are determined. QOhers orient their steel lift re-
quirenents around a limted nunber of standard sizes. \Wen
doing so, an attenpt is nade to select those sizes that wll
result in a mninmm of welded joint footage w thout introduc-
ing stress or other problems in the hull assembly. gtj]
others use a mxture of special sizes and standard sizes.

One yard visited made a study of plate yield over a one year
period. The results of their study indicated that as the use
of standard sizes increased, the yield decreased. This is a
difficult subject to work with because an increase in plate
yield does not necessarily point to a reduction in production
costs . If the systemis not properly analyzed and tinme bal-
anced, efforts made to increase the plate yield could outweigh
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the savings in plate costs by an increase. in |abor costs

and time delays. The advantages and di sadvantages realized
wth the use of standard and special sized plate are listed
i n |Appendi x 3.

THE HANDLI NG OF CUT PARTS AND SCRAP.

The machine cutting and marking time and the nethod used for
on-loading plate and off-loading parts and scrap plays an
inportant role in the overall cutting operation and the nest-
ing nethod enployed. For cutting the Cass 1 and Class 2 (Pg. 9)
parts, a double cutting table arrangenent that allows for side
by side and end to end plate placenent is quite popular. This
arrangenent and the use of nulti-magnet lifts allows for oper-
ation over one double setup while unloading and rel oading on
the second double setup. Thus the cutting nachine’ s duty
cycle is increased since it can be kept busy cutting during
the unloading and | oadi ng operati ons.

When using the oxy-flanme cutting process, the nesting of small
Cass 3 parts with the larger Class 1 and Cass 2 parts is

often considered_inpractical because of the time inbalance en-
countered. See|Fig. 3.| Usually, in an operation of this type,
the plate drop-offs are noved to a staging area for use on
smal l er machines for fulfilling the Cass 3 part requirenents.

If the remmant is small in area or very irregular in shape,

it is often scrapped. \ere the remant is used and the Cass 3
parts are cut on a tenplate guided flame cutting machine, the
yield is often less than 50%

To increase the available machine cutting time, sone yards use
renovabl e plate supporting trays. Here the cut parts and scrap
are renoved at one tinme and deposited in a staging area where
the scrap and parts are dealt with. The trays are then rel oaded
for return to the cutting machine’s work table. Wth this

met hod, additional floor space is required for accomodating the

trays.
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Where access to the machine cutting area does not allow for
overhead crane loading a-rid unloading, the use of novable
cutting tables is one solution used. At the end of the cut-
ting and marking operations, the table is noved into a
staging area for further processing. Wen the parts and
scrap are renoved, the table is reloaded and circul ated back
to the machine for the cutting and marking operations.

Very often, the amount of small parts produced on the auto-
matic NC machines is very limted so-that the machine can
meet the large part assenbly requirement of the yard. This
often is done at a sacrifice in efficient plate utilization.
By inplenmenting the nmachine arrangenent shown on Figs. 8 jand

9,tthis problem can be solved and greater efficiency realized.

NESTI NG BY COVPUTER AND COVPUTER ASSI ST.

Conputer oriented nesting systens can, in general, be divided
into two types. The first is known as "Interactive Nesting"
which is a sem -automatic system It involves the use of a
CRT screen, a cursor and a keyboard. Parts are called up
from the conputer data base and are noved and rotated by key-
board or cursor input to forma desirable nesting arrange-
nment in the plate area shown on the screen. A bunp feature
allows for the automatic spacing of the parts to a predeter-
m ned anount. Qther automatic features usually include:
1. Automatic blowup enlargenent for exam ning intersect
ing lines and possible overlap.
Sequential nunbering for part identification.

Mar ker and cutter sequence by cursor or keyboard -
control

4, Automatic printout and storage of the conpleted
nested prograns.

5. Inventory countdown so that-parts are not unneces-
sarily duplicated.
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The second type of conputer nesting is an automatic system
where the plate size and the parts to be nested are keyboard
identified. By keyboard request, the parts are automatically
nested and identified by sequence number. Wth systens of
this type, the final nest is stored under an assigned number

and a hard copy printout provided.

The nost popul ar algorithm used by systens avail abl e today
i nvol ves the surrounding of the part to be nested by a rec-
tangle and rotating it so that its longest side is parallel
to the X or Y axis in the program  Seel Fig. 12. | Part nests
prepared with the rectangular fitting nethod can easily be
recogni zed because adjoining parts do not overlap into the
arc or other concave areas as shown on |Fi g. 10.

Interactive nesting lends itself well to parts included in
categories 1 and 2 nentioned earlier in this report, and where
speci al sized plates are used.

Automatic nesting lends itself well to parts-included in cat-
egories 2 and 3. To allow for efficient plate utilization
where rectangular nesting is used, the individual part pro-
grans being nested should be grouped into two or nore parts
closely representing a rectangle in shape and stored in this
formas shown in Fig. 11

QG her nore conplex nesting algorithns are available that re-
sult in a denser part arrangement. |[Fig. 13 [illustrates the
results of part nesting using such a system |nplenenting
nesting systens of this type usually requires that the part
program be generated on-a satellite conputer or main frane
conputer and down |oaded to a satellite programmng station
for the part nesting and machi ne program assignnent. In
addition to the nesting capabilities, program stations avail -
able today allow for part program and CAD- CAM (conputer-ai ded
design and conputer-aided manufacture) devel opnent of parts.

Regarding the use of conputers, there are different-schools
of thought concerning how they should be applied to the com
plete operating system One school believes there should
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be one nmain frame conputer for controlling all systems of
operation. By so doing, the follow ng advantages are cl ai med:

1.

2.

There is one najn source of basic data i nformation
and hence a mninmum of error introduction.

Changes in design and information update autonatic-
ally reflect in the conputer data output.

The di sadvantages realized, however, include the follow ng:

1.
2.

Computer downtime may render all systems inoperable.

As the computer system grows-in conplexity, software
problens grow and become increasingly nore difficult
to cope with. This is particularly true with changes
in personnel. There are nmany ways of constructing
the mat hematical approach and the sol ution sequence
of the formulas used in software derivation. 1In
addition,. overlaps or onmsions in the software are
often not uncovered until after many hours of use.
Unl ess the person attenpting to solve a problemis
fully aware of the approach taken by the author, a
satisfactory solution to the problem becones very
difficult to solve

A conputer, regardless of its capacity, sonetines

Is called on to solve conplex, time consum ng prob-
lens. As nore and nore demands are nmade on the nain
frame. conmputer, and the job priorities change, its
response time can grow slower to the point where it

can result in a production slowdown. This coul d

cause a cost increase that could exceed the pl anned
dollar saving in material and process tine.

There is a growing trend today to the use of one main frane
conputer for the basic data base jnformation and an array of

conputers for $etH-Rg—P and carrying out the detailed

assignnents as shown in Fig. 8| The advantages of such a sys-

smal | er
tern are:
1.
2.
3.

Basic data requirements can cal |l ed down apd store
on a disc in off time and heP% I'n readl ness Por raplg

processing as required.

Main frame conputer downtine does not necessarily
affect the operation and hence operating time is

m ni m zed.

Software problens become |ocal problens that can nore
readi |y be handl ed and sol ved.



4. New conputer production processing nethods avail -
able fro-mvarious suppliers can be nore readily
I mpl enent ed.

5. The use of one nmain frane and an array of satellite
conputers today could be nore cost effective since
it offers greater overall conputer capacity for a
| ower capital investment in some cases.

A specification entitled, BASIC FEATURES REQU RED IN A PART
NESTI NG SYSTEM EOR_THE SHI PBUI LDER, is included in this re-
port. Seg Appendix 4.

THE MARKI NG AND CODI NG OF PARTS.

In the production of plate parts for ship construction, each
part produced requires identification marking. Many of the
parts also require location marks for referring themto mating

parts. In this report, identification marking is referred to
as "coding" and dinmensional marking is referred to as “plate
marking”. These are two distinct-and different operations

and in this report wll be discussed as such

plate Marking by. Air Activated Center Punch.

Most large flane cutting machines controlled by CNC in the
U.S. today are equipped with plate marking equipment. The
nost popul ar type used is the air activated center punch.
It consists of an automatic air activated center punch that
Is located on the flanme cutting nmachine's torch carriage. It
Is usually located a fixed distance behind the center of the
cutting torch’s nozzle. By locating the marker behind the
cutting torch in the direction of the long axis, the result-
ing marks are correct whether the machine is cutting in the
direct image or mrror imge node. \Wen used, the narker is
automatically brought into the torch plate position for the
mar ki ng operation by a fixed offset amount. \While the center
punch type plate marker offers many desirable features to the
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user, it does have sone di sadvantages such as:

1.  Mintenance costs are relatively high because the
parts wear and require repair or replacenment to
mai ntain accuracy.

. The operation is noisy.

3. The automatic center punch cannot effectively be used
for applying nunbers or letters to the plate parts.

Plate Marking by Zinc Oxi de Powder.

Anot her marking nethod used involves the application of a fine
line of zinc. oxide. This marker unit produces a small anount
of fluidized zinc powder that is oxidized in a small stream of
oxygen. At the exit point of the discharged fluidized stream
oxy-fuel preheat flanes surround the powder stream condition -
ing it and causing it to deposit a fine durable white zinc

oxide line approximately one millinmeter in wdth on the plate.

There are at |east two designs of zinc powder nmarkers in use
today. One design uses automatic ignition and requires that

the flame be turned on and off each tinme the nmarker is used.

The other design separates the fluidized zinc oxygen stream
fromthe preheat flames so that the preheat’ flames can be |eft
lit during the marking operation. Wth this arrangement, the
fluidized streamis turned on and off automatically as. required
during the operation. It has also been deternmined that a powder
marker can operate without automatic height sensing. Experience
with the marker indicates that one hopper charge of zinc oxide
powder |asts several eight-hour shifts. A diagram of the latter
powder marker with pressure settings is shown on|Fig. 14.

Sone of the advantages offered with this type of marker are:

1. It is a noiseless operation.

2. It can be used for applying sequence nunbers to plate
parts.

3. Low maintenance is required since it uses very few
mechani cal parts.
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Pl ate. Coding by Paint Stick.

In all of the yards visited during this program paint stick
coding was the nmethod used for identifying plate parts. In

a few isolated cases, hammer die inprint was used on shipboard
parts. On Cass 1 and Cass 2 parts*, the paint stick coding
information is manually applied to the plate parts during the
machi ne marking and cutting operations. Wth the dass 3

parts, the coding is applied either before or after the cutting
operation, depending on the method used. \hile paint stick
coding has proven to be a successful nethod for applying iden-
tification marks to plate parts, it does have the follow ng

di sadvant ages:

1. It is a time-consumng nethod and depending on when
applied, it can cause delay in the cutting machine’'s

production of parts. This is one of the reason-s to-
day why nore small Class 3 parts are not nested with
Cass 1 and Cass 2 parts in sone shipyards.

2. Paint stick marking is always subject to error possi-
bilities on the part of the operator who could, by
m stake, apply incorrect information

3. It is always subject to error by the user because of
handwiting m sinterpretation.

Marking and Coding by Matrix Ink Jet Printers.

There are several types of Matrix Ink Jet printers-on the
market today. These units are progranmmbl e non-contact spray
type markers with one or several heads for printing single-
line or multi-line information in one pass. They are being
used mainly in the packaging industry.

Through the use of a rotating head for supporting the marker,
it is possible that both plate marking and codi ng operations
could be carried out as part of the NC program However,
some difficulties may be experienced wth the small Cass 3
parts where a sinplification in the coding procedure is
needed the nost. Many of these parts would require that the
matrix letters be small in size. For exanple, where a part

*See page 9.



Is 3 x 10" in size, the height of the letters could be no

| arger than 3/8th of an inch. Wth. the largest (ass.1

and Cass 2. parts, the height: of.the letters. should be
1tol1/2 inches. To further meet the needs of the yard, the
jet printer system should be adaptable to the smaller flane
cutting machines in the system This would require bringing
the jet printers to the work pieces. Bringing the work
pieces to the jet printer, in nost cases, -would not be prac-
tical because of the material handling problens it would

| mpose

While the idea of jet printers may have sone appeal, a con-
si derabl e amount of devel opment work is needed in both hard-
ware and software for it to becone economcally feasible for
coding and marking flame cut parts in the shipbuilding in-
dustry.

Codi ng by Sticker Label Application

Today, there are avail able CAD CAM sheet netal systens that
provide a printout of the nested parts and gummed | abel s
with printed coding infornmation required on each part. Suych
a systemis at present being used at the Avondal e Shipyard
in New Orleans. The parts in the nested printout and the
stickers are automatically nunbered in sequence” so that the
operator can identify each paff in the nest and apply the
appropriate sticker to it.

There is software available with npbst marine progranmm ng sys-
terns used today that allows for sequential nunber printout on
nested programs p-reduced by drafting machines”. Wth little

change in the nachine program this could be added to the ma-
chine’s marking operation. A typical part nest printout and
t he acconpanying. sticker printout is shown on|Fig. 15.

Such a system wused in conjunction wth the powder narker dis-
cussed previously would enable the flame cutting machine to
wite scaled nunbers on the individual parts in the program
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The operator, rather than witing the code information on
the plate, would apply the appropriate |abel to the part.
Label naterial that weathers well is available. The advan-

tages of such a system are:

1. It will speed up the coding process and help nake
it possible to include Class 3 parts in the nests
of Cass 1 and Class 2 parts.
It

t wll mnimze the error incident possibility
since the coding would appear in a format that is
controlled by the data processing system
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CONCLUSI ONS

Through the use of nodern conputer oriented techniques in
the preparation of ship parts cut fromrolled steel plate,
the follow ng can be realized:

. A reduction in plate costs by:

1. Introducing a conputer program station wth
Interactive and automatic program capabilities

for:

la. Transferring Cass 1 and Cass 2* part
prograns from the nain frame conputer
to the program station with hard disc
storage for pronpt use in preparing
nested prograns.

Ib. The automatic part programm ng and com
bining of Cass 3 parts for efficient
plate utilization. This will also elim
Inate the need. for preparation of paper
tenpl ates and many of the wooden tenplates
now used. |n addition, this will elimn-
ate tenplate storage problens.

lc. The preparation of nested prograns of
Class 1, Cass 2 and Cass 3 parts. See
Fig. 7 [for evaluation of the savings

e and pendi x 4 for BASI C FEATURES

EQU RED IN A PART NESTING SYSTEM FOR THE

SHI PBUI LDER.

2. Equi pping secondary shape cutting machines with
nunerical controls in place of optical tenplate
follow ng devices and t machines into a
DNC network as shown on |Fig. 8. By so doi ng:

2a. The operations of the secondary machines
can be |ntegrated with that of the primry
machi nes and an inprovenent in efficiency

realized. See Mand 9

2b . The nunber o-f special sized plates re-
quired can be reduced thus leading to a
redget+en—n material and handling costs.
See| Figs. 2 |and

* See section on CLASSIFI CATION OF PARTS CUT FROM STEEL PLATE.
(page 9.)



A reduction in the tinme and | abor costs by:

1. Using the plasma cutting process in place of
the oxy-flame cutting process for contour
cutting of rolled plate less than one inch in
thickness. This wll result in an increase
in cutting speed and elimnation of thernal

distortion effects reaH h the oxy-flanme
cutting process. See|Fig. 6.

2. Equiﬁping the secondary machines with one plasm
torch each. This will result in

2a. Better wutilization of material since the
positioning of one torch over the operat-
Ing field can be nore selective than can
four oxy-flame cutting torches traveling
at 1/4 the speed.

2b . A-program match between the prinary
machi nes and the secondary machi nes,
allowing themto operate from the sane

38.

program or extension thereof. See Figs.
n
2C.

A~reduction in |abor costs. See |Fig.

7

3. Using the powder marking process (see [Fig. 14)
iﬁ place of the center punch marking process
thus :

3a. Elimnating noise.
3b .  Reducing maintenance costs.

3C. Allowing for an increase in narking
speed.

3. Permtting the use of sequence nunber
identification of the parts.

4, The use of conputer printed l|abels for part
identification, thus elimnating the need to

stick code individual parts. See Figs.
5 aqd|15. |




SHI PYARDS VI SITED DURING THI S STUDY.

Avondal e Shipyards, Inc., New Oleans, La.

Bath Iron Wrks, Bath, Me:

Bay Shipbuilding Corp., Sturgeon Bay, W.

Ingal I's Shipbuilding Div., Pascagoula, M.

Marinette Marine Corp., Marinette, W.

National Steel Shipbuilding and Drydock Co., San Diego, Ca.
Newport News Shipbuilding and Drydock Co., Newport News, Va.
Peterson Builders, Inc., Sturgeon Bay, W.

Todd Shipyard, Inc., San Pedro, Ca.

SHI PBUI LDI NG ORI ENTED SOFTWARE COVPANIES VISITED DURING THI S
STUDY .

Cali Associates, Inc., Mtairie, La.

Conput er Vi si on, I nc., Bedf or d, Ma.
Cutting Technol ogy, Inc., Lexington, M.
Cybernation, Inc., Canbridge, M.

Shi ppi ng Research Services, Inc., Houston, Tx.

COWPAN ES VI SITED THAT OFFER NESTI NG SYSTEMS.

Cali Associ at es, Inc., Metairie, La.
Cansco, Richardson, Tx.

Conput ervision, Inc., Bedford, Ma.
Cybermation, Inc., Canbridge, M.

Shi pping Research Services, Inc., Houston, Tx.
“union Carbide Corp., Linde DiV. Tonawanda,. NY *

*Visited Linde Division's part nesting exhibit at the Dallas
AWS National Convention.



—

40.

REFERENCES

"A Conputer-Ai ded Design

System For Pattern G ading
and Marker Making in the
Garnent I ndustry.”

"A Method tO | nprove Two
D mensi onal Layout."

“ Packi ng Rectangul ar
Pi eces--A Heuristic

Appr oach.”

"The Bottom Left Bin-Pack-
ing Heuristic: An Effi-
cient |nplenentation.”

"An Interactive Conputer

G aphi cs Approach to the
Probl em of Nesting of Plane
Parts On a Raw Steel

"Nesting Two-Di nensional
Shapes in Rectangul ar
Modul es.”

"A Heuristic Solution O
the Rectangular Cutting
Stock Problem”

Format . "

A. .Castastini, C. Cavagha,
U Cugini and P. Mro
CAD 76 Proceedi ngs.

Antoni o Al bano, University
di Pisa, Istituto di Scienze
del | " I nfor mazi one, Corso

Italia 40, 56100 PI SA-1TALY.

Bengt- Eri k Bengtsson, Lund

I nst.of Technol ogy, Dept.

of Computer Science, Box 725,
S-220 07 Lund, Sweden. The
Conput er Journal, Vol. 25,
No. 3, 1982.

Bernard Chazel |l e. | EEE Trans-
actions on Conputers, Vol.
C 32, No. 8. Aug. 1983.

Jorn QG an, Bjorn Hassel kni ppe

and Frank Lillehagen. CAD 76
Pr oceedi ngs.

M chael Adanow cz, Dept. of

El ectrical Engineering, Poly-

technic Institute of Brooklyn,
N. Y.

Antonio Al bano, Istituto di

Sci enze dell’ | nformazione,
University di Piss, Corso
Italia 40, 56100 Pisa, Italy.
CAD 8 (No. 1) 27-33 (Jan. 1976)
A. Albano and R Osini,
Istituto di Scienze dell’ln-

formazi one, University di
Corso Italia 40, 56100 Pisa,
Italy. The Conputer Journal,
Vol . 23. No.4, 338-343

Nov. 1980

Pi sa,



41,

APPENDI X 1

THE ADVANTAGES AND DI SADVANTAGES

REALI ZED W TH THE OXY- FLAME CUTTI NG PROCESS.

The advantages are:

The

1.

It is effective over a wide range of material thick-
nesses. Effective range wth nost standard machine
cutting torches is from approximately 1/4 inch thick
material to over 12 inches thick with good quality
of cut surface. The maxi mum thickness cut that is
known to the witer is 87 inches.

When cutting narrow parts, a multi-torch arrangenent
can be used with cutting machines, thus increasing .
the productivity of the operation.

It can very effectively.be used to prepare the var-
i ous bevels required in the preparation of plate
edges for wel ding.

There is no other known process that can conpete
with the oxy-flanme process in effectively cutting
contoured sections from heavy steel plate.

The initial cost of an oxy-flame cutting torch sys-
temis considerably less costly than the cost of a
plasma cutting system

di sadvant ages are:

1.

In the inch through the 1 inch material thick-
nesses, the cutting speeds are considerably |ess
than that possible with the plasna cutting process.
See.| Fig. 6. |

Preheat is required for starting and naintaining the
cutting process. This could take between 20 seconds
and one mnute depending on the intensity of the



APPENDI X 1 (cont' d)

preheat flame. Depending on the nunber of pierce
starts required, this slows down the cutting process.

3. The process. heat input to the work.piece can cause

distortion of the finished product. In the interest
of mnimzing distortion of the cut parts, certain
precautions nust be taken in progranmng the cutting
sequence and the direction of the cutting torch
travel. In addition, care nust be taken by the oper-
ator in setting the speed, the direction of the
cutting torch travel, the cutting sequence, the fuel
gas and oxygen pressures and the preheat high and

| ow | evels.

The nesting of small Class 3 parts with Class 1 and
Class 2 ship parts is often inpractical because of
the time and the heat distortion involved.

The oxy-flame process cannot be used to cut non-
ferrous materials. In addition, the process cannot
be used to cut stainless steel unless sonme. energy
produci ng additive such as iron powder is. added to
the cutting oxygen stream

42-
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APPENDI X 2

THE ADVANTAGES AND DI SADVANTAGES
REALI ZED WTH THE PLASVA CUTTI NG PROCESS

The advantages are:

1.

The cutting process is fast and is several tines
that realized with the oxy-flane process. See

Fig. 6. |

No- preheat is required for starting the cutting
process. The piercing start is alnost instantane-
ous . This not only saves tine, but it also mn-
Imzes the heat input to the work piece. Wth
plasma cutting, the heat affected zone is mninmal.

Distortion of the plate due to heat input is

practically elimnated. Wth the plasm cutting
process, the plate can be conpletely inmreresed in
water during the piercing and cutting operations.

The use of tabs for joining the cut parts to the
main plate is not always necessary for elimnating
part nmovenment on the cutting bed.

I ndi vi dual discreet parts can be cut one at a tine
which sinmplifies part programm ng and the nesting .
of small parts.

Both ferrous and non-ferrous netals can be success-
fully cut wth the process.

Use of the process can be instrumental in causing

a higher plate yield, by making possible the nest-

ing of small Class 3 parts with Cass 1 and dass 2
parts w thout. upsetting the manufacturing process
time bal ance.
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APPENDI X 2 (cont' d)

The di sadvant ages are:

1.

The power requirements are high. To effectively
cut ship parts at the speed ranges shown on|Fig. 6
80 to 100 KW per torch is required.

Noi se and arc glare could be a problemif steps are
not taken to mnimze or elimnate them NMpst
plasma cutting operations in the United States are
carried out over a water table where the bottom of
the plate either touches the water or is slightly

above it. In these operation, a water nuffler is
used to reduce the noise level. The water nuffler

al so hel ps reduce the arc glare and work piece
tenperature. In some installations, the plate being

cut is conpletely imrersed in water and the cutting
I's done approxinmately one to two inches below the
surface of the water. The arc glare is greatly re-
duced and the noise is alnmost elimnated in these
operations. Those using the underwater nethod claim
that the parts produced are nore accurate, particu-
larly where the parts being cut are rather long and
sl ender in shape.

The effective thickness range of cutting steel plate
Is up to one inch. Thicker material can be cut, but
at a sacrifice in speed, cut surface quality and
accuracy.

The plasma cutting process is directional. The stand-
ard swirl ring used in the torch for handling plasm
gas, requires clickw se travel around the work piece.
Wth this process, there is a tendency for the kerf

of the cut to have tapered sides. By using the swirl
ring in the torch, the taper shifts so that one side



APPENDI X 2 (con't)

Is alnost vertical, leaving the scrap side of
kerf-tapered. \Wen mrror image cutting is done,

one torch nust travel in a. counter clockw se direc-
tion. In this case, a left-handed swirler must be
used in the mrror inmaged torch.

A study conducted by one user indicates that while
there is considerable cost advantage to the user
when using the process for cutting ship plate, there
Is a slight increase in the cost of consunables per
foot of cut length over that realized with the oxy-
flame cutting process. |

45,
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APPENDI X 3

SOME ADVANTAGES AND DI SADVANTAGES REALI ZED WHEN

USI NG SPECI AL SI ZED PLATE IN SH P HULL CONSTRUCTI ON

Sone advant ages are:

1.

In the pre-nest assenbly of parts on the plate, the
operating field are? can be adjusted to best suit
the collection of both large and small parts being
nested and hence a nore efficient nesting arrange-
ment of parts. can often be realized.

Segnent sizes that best suit the hull construction
can be used and the footage of welded joints re-

quired reduced.

Sone di sadvantages are:

1.

It causes a delay in order placenent in sonme cases
because nore detailed engineering design is required
in determning the plate sizes to order.

It causes an increase in the nunber of plate sizes
required and, therefore, a larger plate storage facil-
ity is required to permt the efficient use of grid

| ocation assignnent.

The loss of a plate due to spoilage or dislocation
can prove costly because of the additional expense

and del ay caused by replacing the plate with a simlar
size or other size considered suitable.

The size premum charged by the steel mll plus the

hi dden increase in plate yard handling expenses could
anount to an overall 4% or higher increase in naterial
costs before the plate reaches the burning tables.

It causes a cost increase in the production departnent’s

scheduling and plate assignnent detailing operations.
This cost is usually hard to define.
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APPENDI X 4

BASI C FEATURES REQUIRED IN A PART
NESTI NG _SYSTEM FOR _THE SHI PBUI LDER.

The system to be supplied with a conputer work station
I ncl udi ng:

. A keyboard.
b. A 15" or larger CRT screen.

c. Gaphic capabilities with a light pen or other
means for i1dentifying and noving parts.

d A pro?ran1storage system with a m nimum capac-
ity of 10 negabytes.

e. A label printer and a device for producing a
hard copy of a part or nested program

Local entry and storage of existing part prograns
witten in the format and code used by the machines
in the yard or entry and program storage through com
muni cation with the main frame conputer

Means for:
a. Restoring the systeminformation in case of a

maj or systenms failure.

b. Transmtting parts or nested prograns directly
to the cutting machines in the DNC system

c. Local means for entering enhancements and nodi-
fications to the system

Local generation and storage of part prograns from
di mensi oned engineering drawings:

Common part program generation through entry of crit-
i cal di mensions.

Scal ed display of parts to be nested, with a display
of the quantities required of each.

Local capability to nest selected parts on assigned
plate areas by interactive graphic nethod.

The automatic nesting of parts selected in assigned
areas of the plate work piece.
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APPENDI X 4 ( cont '

d)

Ability to conbine part prograns as desired into a
defined grouping and the ability to nove the grouping
as a unit during a nesting procedure.

Automatic inventory countdown during the nesting pro-

cedure.

Movenment of any part to any screen |ocation by cursor
or keyboard control.

Cont i nuous 360° part rotation.

Abilitylto add or delete parts from the nest and auto-

mati ca

y adj ust

keyboard or cursor control

erator selection of part

the nest preparation.

inventory quantities accordingly by

| ead-in location at tinme of

erator selection of marking/cutting sequence at tine
of nest preparation.

Rapi d traverse noves to be displayed and identifiable
on the nest printout.

Ability to join parts at the nesting stage.

Automatic-part tabbing by cursor

Sequence nunbers to appear on the nested part

printout.

or keyboard control.

program

Optional sequence nunbers with scale selection to be

part of the cutting nachine’ s narking program

Ability to provide optional

nested program printout.

Ability to mrror image any part

Choi ce of travel direction.

Reaction time to any keyboard or

not to exceed 10 seconds.

and nest it.

cursor

I nput

check di nensions on the

comand

Automatic control-for designated pjnjnum spacing of

adj oi ni ng

parts.

48.
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APPENDI X 4 (cont’d)

Enl arged zoomin control for exam ning part intersec-
tion areas.

Capability of being tied into cutting nachine controls
through a DNC (Direct Numerical Control) system allow
ing for part or nested program call-up fromthe cutting
machi ne’s consol e or operating panel.

Automatic printout of part identifications, nest effi-
ciency, the length of the torch’s cutting path and the
time required to cut and mark the nested program

Ability to produce printed |abels with part matching
sequence nunbers and the part coding information re-
quired on each part.
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